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a Jr£^l ^|£SH, 717^1^ £ S-^ol O-^kV ^ Q<£^-$r 
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^1 

{Si loxane-based Resin containing Germanium and Method of Semiconductor Inter layer 
Insulating Film Using the Same} 

<2> ^SL^ ^^£7> #7>^-ofl I45r ^7>^ Aj^-o. Hfl ^ ^ £6|1 Hfl^ofl^^ 7^ 

*fl 3,615,272, 4,399,266; 4,756,977 ^ 4,999,397^1^ 7l^ s)-^ 7l# 
(Chemical Vapor Deposition)* °l-g-tr -Fr^-§: 4.00^1 Si02 rflAlofl S0D(Spin on 
DeopositionH 7}^% -ff-^-i: 2.5-3.1 ^5.^ #B^xfl;£^4KKPolysi lsesquioxane)* ^}-§- 

"l^HH *fl 3,615,272^1^ ^^1^^} ^s)--§- ul] 7 fl# #<*IH 

^-8: 7>^^5fl*r # HLSr ^ 4*l*Rr <&3l» £^*Kr ^<Hl 3*11 5- 
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5,010, 159 J><^ ^^a> ^# 7}^-g-*fl nfl7fl# ^6\]x\ SHJELsL 7 K^*fl*>^ ^ 

6i 232, 424°lHir 3lHB}lHl^l^?Ktetraalkoxysi lane) , -fr7l^Ji£ 

(organosilane) ^ -^^^^^^-^^^(organotrialkoxysi lane)^: ^-§-*H #4 ^°fl» °|-g- 
is}^ 7K^sfl, ^^-y>-S-A|^ -g-<5n (solution stability)^ ^^<4J1 ^ ^ ^e)^ ^ 

^(silicon resin) ^ °l£] ^^Hj-^-i- 7flAl*>^cf. nl^-^ 6 , 000 , 339<^1 *\ fe- 

(alkoxysilane), l-^7> ^Mt^ ^^1^^ (fluorine-containing alkoxysi lane) , ^^^^-^1 
^?Kalkylalkoxysilane) f^l S-^Sf ^B)-^-(Ti) iE-^ ^3t(Zr) «&^r*ls. 

(alkoxide) 5r^-#* #4 ^nfl# o]^^ ^-§-^^1 ^^(silica-based) 3-^#-§- 
^cf. ^ 5,853,808*11^ Si02 ^ feo] y\ 

(organosilane) 2] pjfl*H nf-E- ^ S^r #-§-^7l (reactive group)7> *l^el Sr^#^: °] 
-g-^H ^^Hsiloxane), ^l^¥]^Ksi lsesquioxane)7fl ^ o]-%.i& «v 

^ 7flAl^>^tq-. -fr^-^ 0 997 497 Al <^i^=r <*1 &| 7>*1 JE.^-^]^ 

(monoalkoxysi lanes), ^^^-^^^(di alkoxysi lanes), Hs]^:^-7>l^^-(trialkoxysi lanes), 31 
He}^Al^^(tetraalkoxysi lanes) ^ BBl ^^l^ ^ ( tr ialkoxysi lane dimers)^ 
^Al^eJ(alkoxysilane) sl-^l-*^ S^l ^ 7>^^-efl ^ ^ ^ ^ 
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<4> 



<5> 



°fl « ^*o^ ^ A ^°\ "<Hrtr ^^31 *r*l* *H**ruI, OH- tiVSafl ^<£^ 

3], ^^Ml efl^l^ -fi-*Mr 7^} 71^1^ ^-i- 7>^*1 7fl=*> 

^, ^"71^ ^ ^*>7l ^>7l 5*-«M l£ 5**H 2^ S.ic^ 



*rfe ^^RiMl ^Hi ^tlr 5J°14. 



<6> 



mn±) i] 



<7> 



Ri 



■0-4 



CH2(CH2)mSiX 1X2X3 



<8> Aj-^AioflA^ Rr g- ^^7}, C1-C3 ^:^7l(alkyl group) £&tt C6~C15^ ° a v ^7l(aryl 

group)°lJL, Xi, X 2 ^ X 3 ^ C1-C3S1 1^71 , Cl-C10^ ^A^Kalkoxy 

group), SE^ §5.3] ^7>ol^, p ^ 3-8^ 3)^1 m^r 0-10^ #7] X lt X 2 X 3 



<9> 



[sHH 2] 
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<10> (R 2 )4-aGe(X4) a 

<n> aM^HH r 2 ^ ^^7]-, C1-C3 <a:^7l(alkyl group) it^r C6~C15£] ^^(aryl 

group) X 4 ^ C1~C3^ <£^7l, C1~C10^ *ha A ] 7} (alkoxy group) , 5^ ^S.^\ Qx}°]3L, 
a^ 1-4^ ^^o]4. 

<12> i^o} cf^ ^Tg^. A o V 7 ] ^S.AV^ 7l^h ^ofl =7^ 

<u> o]*HH ^ofl tflsH ii=f -M^Ml ^^tr4. 

<15> ^ofl^^ §>7] it)-^ IS. K^]5\^r ^ (cyclic)^* 7}7lb ^^Til 5.2^^ 

^>7] s)-*M 2S Tilsn^ s^t-^- ^ 71^1^ #^ol ^o^i^jl 4r^^-°l 

<16> 1] 



R 
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<i?> s£ 7 ] ^6\)x\ Rl C1-C3 ^7](alkyl group) Stt C6~C15^ < &^7l(aryl 

groupHJL, X lf X 2 ^ X 3 ^a^S C1~C3^ <Qr&7] , C1~C10^ ^A^Kalkoxy 

group), €* r 3.*l, p^ 3-8^ ^^lul, m o. 0 . 10 cq ^7} x lf X 2 ^ 

X 3 *>M-^ 7Hr-g-*fl 7>^tr ^-8-71 o]cf. 

<18> [s^^i 2 ] 
(R 2 )4- a Ge(X4) a 



<i9> ^ 7 1^HH r 2 ^ ^^7>, C1-C3 ^7l(alkyl group) iE^r C6~C15^ <£li7l(aryl 

group) X 4 ^ C1~C3£| ^^71, Cl-ClO^l ^^7l (alkoxy group) , SE^r ^7>o1ji, 

a^ 1~4^ ^^^lcf. 



<20> a o V 7 ] ^S-AV^l ^ A] A>-g-5)fe X o] 5.^^011 tfltr 5f^M 2^ 

#(raol) 1 : 99 ~ 99 : 1^1 tr^f. 

<2i> ^^-Aj-Tfl ^ ^l^A] A>-g-5l^ a> 2L^r ^71 ^nfl^ <*a> (hydrochloric acid), 

^^•(nitric acid), >M ^-g-^>(benzene sulfonic acid), ^^"^^(oxal ic acid), g.^Q 
(formic acid) , ^r^JrS}-^-!- (pot ass i urn hydroxide) , 3}M-J=.i§-( sodium hydroxide) , J=L5l °ll ll 
^(triethylamine), ^Ti4Bf (sodium bicarbonate), 2) ^ ^(pyridine)-g-* ^>-g-^ *r 

-*7l ^Dfl^ tfl^r ^nflo^ #yi7> 1:0.00001-1: 107> s]^ *?}3HH *l--8-th=r. 

<22> ^-71 7 r ^-g-*fl * ^ u}]*V ^-^ ^( mol ) «] 7 > 

l:l~l:1007> E]^ >>>-g-€cf. 



25-8 



1020030047731 2003/11/18 

^ ^-iHLMl ^1 -B-71-g-ofls ^(hexane)^ ^sH^ -g-nfl (aliphatic 

hydrocarbon solvent), ^VM^Canisol ) , ^l^l^^Kmesitylene) ^ *rsl ^(xylene)* X^]-^- 
u o v ^=^^l ^Sr^i: -8- B fl (aromatic hydrocarbon solvent); ?fl€-(methyl isobutyl 

ketone), 1-*H €-2-sl-M ^(l-lmethyl-2-pyrrol idinone) ^ <*MI^( acetone)* i^>^ H 
^-31 ^- n fl(ket one-based solvent); ^l#S.^A>ie( C y C lohexanone) , S. S^^r 

(tetrahydrofuran) ^ ^HS^ ofl 3] s.(isopropyl ether)* 3.^}^ °1l3l=.7fl -g- D fl 
(ether-based solvent); ^1 1 <=>H1 31 °1 H( ethyl acetate), Jfli <>MH°lH (butyl acetate) ^ 
55.1^1 nflH. °flBfls. <>M|3MH (propylene glycol methyl ether acetate)* £f§fe 

aMN°l2MI -g- nfl (acetate-based solvent); = (isopropyl alcohol), ^fli 

S*(butyl alcohol)* S^rfe- ^S^Tfl -g-nfl (alcohol -based solvent), 
clDj)^o>>*flB<5l-nls.(dimethylacetamide) ^ ^^il^il-^l ^.(dimethyl formamide)* 3E.tr*rfe 
-g-nfl; -^Sl^-Tjl -g-ffl(si 1 icon-based solvent); 2E^ ^lt # ^ 



^ ^-g-^lH £:£^r 0-200 "C^^H^, 0.1-100 a^o] 

-^^Kitii ^^l^ ^>^^i 3,ooo~3oo,ooo^ ^$\y\ s]^ yf^-^^l- 

aVJE*fl ^^-g- *fl2:*Rr yj-^* 211^4. °}%A Mj-Bjvg. -6-^ 3.0°l* r £) ^ 
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<27> OH- ^M]^>7fl ^^*>^, -g-nflofl -g-«fl^ ^S-^V^l -g-nflofl i-c^ 7l ^ ofl 

^ ^ ^#^1 ?1 ^ ^ ^-y) #2,^, ^s\- 3:71 #7jHH 

si** 2oom*hh ^*»n 7><i*Rr w ^ ^mi 3^ ^-i- ^-g-w. 

<28> ^^-^iTii 7}^} s.s.^ °i ^-i: 1 ~ 150-g- i5or ^^1 6oor, tiV^-^ 

^>7ll^ 200°CM1*1 450°C^ 1 51 °1 #-g-^ ^nv|. ?§^a)^. 

®i= 1000HB#S1 nfl, ^-o>o.S 1- ^ Si^ ^1^1 

^#3*1 ^ ^^Mr ^>^, z]^o)& 2i^^ ^^H^l^r 

-M 5LiAl ? l7Hl o-g-^ 3}o_ S 7l#^ -g-^Hl £-€^5. -§-*fl5l^l 31 dv 

<29> #7] aV^^l ^^o} ^ SAl 71^^^ ^6fl Afl 7I** ^ 

^>tt -B-^#°l 2.5^1 ^>7l ^-fr^M: ^ oleltt ^ JlS 7l 

M°l ^-f 71^-^^ -.^o} ol^VO.5. «V^# 7 r <l*H 71^-^^ # 

<30> o]e]^V 7l^g-^^ ^l^S. ^>ol35.^^B?l(cyclodextrin) ^ H^l ^K£*ll , 

#^7VHS.^S( polycaprolactone ) ^ ^o] ^ ^ - ^ olouj ( olofl *V^£l^l 

-2. ^elHl 7]^^^#^S. ^-g- 7Hrt!- ° s v Bl^l #^-8: ^>-§-^ ^ Stl^. 7l*$^ 

#^°1 ^7>£]^ 7^ o. ^ y^o. ^S.AV^ ^ j7i§-g.ofl cflfsfl 1-70 f^%7> £l£^- 

<31> # 7 | ^n]. ^a^o^ 0.71-g-nflS ^>A];( hexane )^- ^ « 0 >^ -g-nfl 

(aliphatic hydrocarbon solvent), °l-M#(anisol) , ^l^l^^l (mesitylene) ^ *f ^ 31 (xylene) 
♦ S^Rr w oH^7ll -g-nfl (aromatic hydrocarbon solvent); *\M ^1^^-^ 
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(methyl isobutyl ketone), (l-lmethyl-2-pyrrol idinone) ^ °Mlp- 

(acetone)-§- i^r^ ^l^Tfl -g-nfl (ketone-based solvent); >M#S^<i£-(cyclohexanone) , 31 
H^lES^fl: (tetrahydrofuran) ^ oj^^S.^ <Hl3l^(isopropyl ether)!- 3Elr*rfe efl^fl = 
XI -g- D U (ether-based solvent); «fl ^ °H1 E fl ethyl acetate), oM^°lE (butyl 

acetate) ^ HS^^l *\M ^Bfla omi3MB (propylene glycol methyl ether 

acetate)* 3Etr*rfe °M13HBX1 -g-*fl (acetate-based solvent), oliHS^ fe^r 
(isopropyl alcohol), Jfg ^if^g: (butyl alcohol)* SlrSrfe 1>i2*7ll -g-nfl (alcohol-based 
solvent); ^^]€ 6 HlB<5>cl = (dimethylacetamide) ^ c|"lllf d M ^(dimethyl formamide)# 
i^Rr ^l^Xl -g-nfl; ^^-3] -g-nfl (silicon-based solvent) S^r 
«■ ^ 5^. 

<32> -g- D fl^ ^S-^X] ^1* 7l^ofl £isr>7l &.^-S\±r ^S.?}*} #£tr <&°] 

^7} -e-71 -g-nlHl tflSfM 50-70 ^7} S\5m is}^ %6\ ^cf. # 7 1 JI^°] ^ 

70 3,4*Hr ^^Xl 7> -g-nflofl ^1 #o.^, 50 ^% ^nj-c] 

^ o.^ «f^ol 1000 A oj*} S £7]] ^o] $1 cf. 

<33> 7l^ofl ^s.a>^1 JE^<5}71 ^tr y o v ^^r i^^^ (spin coating), ^iafKdeep 

coating), ^-r-^^ (spray coating), (flow coating) BE^ (screen 

printing)^! 5E.^^n>, o^] *Htr£l*l w r ^tr » 0 V ^^- i^lMtf. 



<34> ol§> ^Alofll- -f-S}^ ^rg^.^cf ^l^Tfl ^^*>ul^> *H-r , *>7l ^ ^Hl^ 
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<35> 



^AH] i : s.hz.vi\ ^ 



<36> 



^*H1 1-1 : ^-iH+Tfl (A)^ 



<37> 



S.±v] (A) 



<38> 



CH 2 (CH 2 )Si(OCH 3 ) 3 



2,4,6,8-^1^^1^-2,4,6,8-^^^01 EflH^^ 
(2,4,6,8-tetramethyl-2,4,6,8-tetravinylcyclotetrasiloxane) 29.014mmol (10.0g)-4 -§- 
^-°>^fe #efl^^-(0)-l,3-^al^-l,l,3,3-EflHB}-Pll^cl^^.A]- 



(platinum(0)-l,3-divinyl-l, 1,3,3-tetramethyldisi loxane complex(solut ion in xylenes)) 



0.164g -i- #ef^a^l ^, ^Hi^ oflElls 300m 11- sI^a^Iji, *>-§- -g-7l» -78 °C 

5- ^ ^ , 127.66mmol(17.29g)^ a-H*] 7 >tb ^, 

Aj-^oflAl 40^1 # #-g~i- ^l^Al^lJl, O.lSs(torr) 
d\)*\ aflT^glt}. <*|7H1 snxj- looml^: 7>*>jl, Ia]^ je*]- * ^sHh 

(celite)l- **ll ^B-l^^H, -§-<^ °1 -g-^j-i: 4^1 0. l£i=L(torr) ^S^l W«flA-] 



<40> 
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<4i> o] s^-i" 11.28mmol(10.0g)-g- EflH Bj-*].E..3.-ff?* 500mlS. sm*]?}JL, HBHfi 6 r , 2l 

136.71mmol(13.83g)# ^7>^cf. £^g-JLS -78°CS. ^JL, nflli 

136.71mmol(4.38g)^§: 7>tb ^-§-^r£» -S"£4M 15*}?} 

a>o.o. ^ sS a1^1 :f , -geMm(celite)* ^-«fl ^E^^JI, 0.1£s(torr) tf^HH 
fltgvS ^ll^^cf. °J7H ^ lOOml^r 7>^>Jl ( lAl^V mti>*V ^ej-o] e ( ce i ite )# 

**fl ^bI^I-jl , ^reactivated carbon) 5g^r ^Jl 10*1 # ^ t!r ^, -t^Mm 

(celite)* **fl ^E^^Jl, ol -g-ofl^. o.lM(torr) ##«HM ^Tl*}^, 

o>Efl^ SitiH (A)* ^]S^>5i4. 2.ic^« CDC13°fl ^ NMR ^4 

<42> iH NMR(300MHz) data ; 8 0.09(s, 12H, 4*CH 3 ), 
<43> 0.52~0.64(m, 16H, 4*CH 2 CH 2 -), 

<44> 3.58(s, 36H, 4*[0CH 3 ] 3 ) 

<45> ^X\6\] i-2 : Tfle*}^] jEi^ (B) ^ 

<46> 5.2^ (B) 

< 47 > CH 3 Ge(0CH 3 ) 3 

< 48 > ESI ^} sp>^- 0.1mol(19.3g)-i- t^3i -f-^ tr BflH^l 

100ml* ^^i 7} 31, -g-71* 0°C5. ^ ^, HEl^^^i?] 0.35mol(35.35g)* ^7> 

*>^i=f. "MIM- 0.35mol(11.2g)# 71-tt 4s ^-§-€rH» # 

#£r<M 15*1?J- "V-g-g- ^, ^5l-olE( celite )S. ^B\^t\jL, 0.1SS 

(torr) #tf«H*1 #3* ^Sa^h a^H «]a> 100ml# 7>*Ml. 1*1 # siaV 
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^, -fieHH(celite)* -f-^fl ^E^*>ji, o] -g-ofl* O.ll^dorr) ^^HM ^ 

^-fr ^l^sr>^, oji^m. ^^(simple distillation)*}^ oj-Eflo] -^^^ <^*l] 

(B)l- ^lS^t}. ^€ CDC 13*11 ^<*j NMR o}sfl<4 ^cf. 

<49> !H NMR(300MHz) data ; 6 3.6 (s, 3H) 

<so> ^X\d\] 1-3 : TflSfl-^-Tfl 2.i^ (C) ^ 

<5i> 5L±*\ (c) 

<52> CH 3 Ge(0CH 2 CH3)3 

<53> s£X\d\] i- 2 Sf a o^^.S. ^^M, ^ ^Mfe* tfl^l ^€te*^r ^*>^^-. 

<54> l E NMR(300MHz) data ; 5 1.2(t, 6H, 3*CH 3 ), 6 3.8(q, 9H, 3 x-CH 2 ) 

<55> -g*H 1-4 : 7)1=.*}^- Tfl SL±v) (D) fj-^ 

<56> (D) 

<57> Ge(0CH 2 CH 3 ) 4 

<58> EflHBl-#5-S7lls.n>^- 0 . lmol (21 .4g)* #5^3.^1 , EflS = S *c i£ 100ml 

« "4^ S]^^7lJl, «>-§- -§-7l» ors. ^ ^, Hel^^^Tnl 0.45mol(45.45g)# ^7}t^. 
q-^S. 0.45mol(14.4g)* *H*| 7>*V ^, ^-§-^£1- tf^x] ^r^cf. # 

15*1# *>-§--§: ^, €2}°lH(celite)l- ^«fl ^^ji, 0.1M=(torr) ^S. 

21 #°J-*HH 3f\rQ-J$ ^7l*!;C}. <*j 7H 100ml* 7><5> JL , 1*] # HI a}*! ^, 

^H(celite)!- ^-*fl &*)^5L, °1 -g-^ o.l£ = (torr) #*H?HH *fl7l<5f 

^, ^l* ^^fKsimple distillation)*}^ o}sfl°-l i^o] on*]) (D)# 

^lSM^-. ^€ S^-fr CDC 1 3^1 ^ NMR ^4^r o)-sfi<4 
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<59> *H NMR( 300MHz ) data ; 6 1.2(t. 8H, 4*CH 3 ), 6 3.8(q, 12H, 4x-CH 2 ), 

<eo> 2 : (Matrix) *r*l ^ 

<6i> (Cyclic)^* 7>*lfe- -g^-M 2.i^ (A)4 Tfl^nH^Tfl 5L±v\ (B), (C) ^ 

(D) ^ *>42l 2.^1- ^jt., ^ ^ § 2.2.^ 15 afl EilHel-^^S.^^ 

-§: 5.2^* «]^^m ^, #51-^3.^ iflJf ^2-1- -78°C^1 ^\^. -78°C°iH 70°C3. 

70°C*fl>H 20^m ^l^^t}. av-g-g-oflo. w.^ ^cfl7lofl ^Tj ^ 

, 1/lOHfl 7}^ #s 33 § tt, «HH ^ItH^H € A -*! 

*H1M ^53^. <>| -§-<^ 7l^ol 0.2um^l ^Ei* ol-g.^ u}^ ^ 7 ] 

-g-°-J]^^(^Hl§4 ^-g-*")^ ^-el*> 0-20 °C, O.lSS(torr) *HM 
10*13: ^ ^ ^Kg. <£53^. 3^31 ^^1 2 

2*1, & # ^ ^1 ^ *>7l2l 5. 14 ^rf. 

<62> 
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IS. 1] 









n2Ukmmc> 1 ) 


OH SL Xl 

^=(g) 


2.^ (A) 


S.ic°KB) 






(a) 


12.32 


9.17 






0.12 


250 


5.76 


(b) 


13.87 


11.62 






0.22 


548 


10.7 


(c) 


10.55 


4.67 






0.145 


514 


8.77 


(d) 


10.55 




4.67 




0.145 


514 


8.43 


(e) 


10.55 






4.67 


0.145 


514 


8.12 


(f) 


10.55 






4.67 


0.145 


857 


8.34 


(g) 


10.55 






4.67 


0.131 


514 


8.03 


(h) 


10.55 






4.67 


0.101 


514 


8.55 


(i) 


10.55 






4.67 


j 0.080 


514 


8.34 


(j) 


10.55 






4.67 


0.048 


514 


8.07 



^Al^ 2 <HH 711 sn]-^ i^Rr ^^-^7^1 ^*1 ofl 7l^«§^ %^°) + 

[2 ! 3,6-H^-^l^-Al]-Hll^--A>ol 3 .^.^> ; E^( he p takis [2 ) 3 > 6-tri-0-methyl]-p-cyclodextriri) 

^l 5. 2$\ -^7l)^(wt%)S. 4) 31, ESl^! ^lEfls oj-A-fl^olH 

(propylene glycol methyl ether acetate)^ 3l*ll 2i A i^°] -g-*lH tfl*fl 25-?-7fl^-#(wt%) ^711 
^ ^ , ^-§-^# 3000 RPMAS. 303L7_V ^sl^- ^o]3l ^ofl S^-i- M^f. ^- ^, 

3U€ 7l^ ^ &3]7}2) 5M-3HB(hot plate)°lH 100^^1^ l£-# zlsIjl 250 £ 
<M l^-?i 7><i^H -fM-g-nfll- ^lTH^^cf. n * ^ ^7HH 35L'A ^ 42051 

^, 42051 *1H l^l^V ^A]^ ^str n^l (thickness) ^ 

(refractive index)^- #^*>^cf. ojnfl «vni-cq k^s}.^ ( pro f i lometer)!- °l-g-£ r 

^ 55) ^§*H ^SM- #)^, ^t^-fr ol^>o^ =§^}c*| ^&-g; 

^l^r^cf. 31 tr n^l ^ #^^r 5^51 (uniformity)^ ^Hsl^l 5 *1^€: ^gSH ^ *r°l 
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<65> [S. 2] 





TllAJ 




(%) 






-r*| (wt%) 


7 1 cr *g ^8 


(a) 


100 


- 


8995 


1 . 3876 


0.088 


1.87 


(a) 


70 


30 


9846 


1 . 3775 


0 . 143 


1.34 


(b) 


100 


- 


10254 


1.3891 


0.063 


0.76 


(b) 


70 


30 


10457 


1.4123 


0 . 044 


1.54 


(c) 


100 


- 


10334 


1.4136 


0.021 


0.76 


(c) 


70 


30 


1 9765 


1 . 3543 


0.76 


1.21 


I (d) 


100 




10923 


1.4113 


0.23 


0.23 


(A \ 


IV 


30 


10654 


1.3235 


0.192 


1.05 


(e) 


100 




111 9Q 


1 . O0D4 


U . UZZ 




(e) 


70 


30 


10537 


1 . 3247 


0.054 


1.54 


(f) 


100 




11587 


1.3675 


0.027 


j 0.78 


(f) 


70 


30 


9976 


1.3208 


0.054 


0.56 


(g) 


100 




11034 


1.3143 


0.046 


| 0.59 


(g) 


70 


30 


9861 


1.3221 


0.059 


| 1.16 


(h) 


100 




11738 


1.3023 


0.013 


1.45 


(h) 


70 


30 


11587 


1.3114 


0.049 


j 1.75 


(i) 


100 




10987 


1.4211 


0.051 


| 1.76 


(i) 


70 


30 


9398 


1.4367 


0.036 


I 1.08 


(j) 


100 




11456 


1.4178 


0.037 


i 0.84 


(j) 


70 


30 


10324 


1.3106 


0.056 


0.38 



4 : -S-3iiKdielectric constant) ^ 

4^ -fr^* ^*>7l H^(boron)AS. £^ Pb}-^ 

€■ %}°] v\ (silicon wafer)3H -*3e)€- 1 -£3}-^ 3000A* Sit!: ^ 
^aflieflolBi (metal evaporator)^, ^^(titanium) 100A , IH^I-H" (aluminum) ^ 2000A 

ImmS. ^Tjl^ ^>^l-ia.(hard mask)!- ol-g-SH 1mm*] 7}^)^ Qf§2) <£^-v] 
^•(aluminum) 2000 A^g- #^V^ MIM(metal-insulator-metal ) J i L S^ -fr^ ^^-g- *1-fr 

*1 ^f^# ^trtf. °lsltr ^f^-ir Probe stat ion(micromanipulat ior 6200 probe station)^ 

25-17 



^1 



20030047731 



^ 2003/11/18 



<68> 



<69> 



<70> 



<71> 



<72> 



^€ PRECISION LCR METER (HP4284A)* °l-g-^H ^ 100 kHz^l ^sHMH ^ 
(capacitance) ^8: ^*>$|t}. 4f Tfl^rSM $\^*\ ^#e]j 

k = C x A / e.oxd 
k : -fr^-i; (dielectric ratio) 
C : ^^-S-^ (Capacitance) 
eo : S^r (Dielectric constant) 



<73> 



A : 



<74> 3] 









^*l(wt%) 




(a) 


100 




2.56 


(a) 


70 


30 


2.21 


(b) 


100 




2.76 


(b) 


70 


30 


2.32 


(c) 


100 




2.72 


(c) 


70 


30 


2.34 


(d) 


100 




2.67 


(d) 


70 


30 


2.24 


(e) 


100 




2.68 


(e) 


70 


30 


2.23 


(f) 


100 




2.72 


(f) 


70 


30 


2.21 


(g) 


100 




2.79 


(g) 


70 


30 


2.24 


(h) 


100 




2.80 


(h) 


70 


30 


2.25 


(i) 


100 




2.83 


(i) 


70 


30 


2.31 


(j) 


100 




2.86 


(j) 


70 


30 


2.21 
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<75> -g*H 5 : ^S. (hardness)^ 2.^5^ (modulus) ^ 

<76> ^(hardness) ^ (modulus) 4°lH *fl2:^ yJ-ej-§- MTS^ M-ic 

^E-Knanoindenter) II* °l-§-^ ^*&^o.S, ^-^*>^cf. A tfl*H ^SlE* 

^-tl*>7l^«fl 6 (point )# indent )«H ^^5.-^ ^ £(hardness) ^ 

2.1- ^(modulus)* ^VSa^". ^121 avnv^. ol-g-*}^ u^o] ^^S. ^7^} 
7} ovn}. ^ -^o^ 10% <y-<yol ol^^^o. ^ ^v^o] ^ ^(hardness)^ S-l- ^ (modulus )» 

^ S 4S q. ^cf. olnfl yvni-o} ^ #sj ( pr i smcoupler )# °l-§-^>^ ^ 

<77> [a 4] 







i-k-E-)i(GPa) 




=T^|(wt%) 




(a) 


100 




0.72 


5.11 


(a) 


70 


30 


0.45 


3.14 


(b) 


100 




0.75 


5.32 


(b) 


70 


30 


0.41 


3.23 


(c) 


100 




1.23 


5.65 


(c) 


70 


30 


1.02 


3.02 


(d) 


100 




1.10 


5.21 


(d) 


70 


30 


0.98 


3.65 


(e) 


100 




1.42 


6.58 


(e) 


70 


30 


1.11 


3.63 ( 


(f) 


100 




1.34 


6.89 


(f) 


70 


30 


0.99 


| 3.87 


(g) 


100 




1.09 


6.52 


(g) 


70 


30 


0.77 


3.55 


(h) 


100 




1.17 


6.16 


(h) 


70 


30 


| 0.54 


3.67 


(i) 


100 




1.14 


6.21 


(i) 


70 


30 


0.59 


3.48 


(j) 


100 




1.04 


6.97 


(j) 


70 


30 


0.64 


3.30 



<78> tiling 1 ^^^1 
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<79> ^(Cyclic)^-2i» 7}t]^ -M^KlrTti S-i^ (A)4 methyl 

trimethoxysilane) 2.i^(B*)M- 3lB&Ml^|^?l (tetraethoxysi lane) 2.^(D') ir 

-^-£1- -78°C^1 ^^7} 70°CsL *H*| o]jf. 70°C°1H 

£4 t^ofl^oHEfls^ EflBef^l^S^^ ^7>*>JL, % -g-nfl^ 1/lOflfl # 

3. 32] ^ § t}~g-, ^ofl^ -g-^-g- ^T^Oc) €^ ^Eflo) 

4 #3 ^^-g-<5fl)# ^, 0~20°C, O.lSs(torr) ^ *HH 10*1*> ^<?> «^ 

S 1 !^ ^S^-. ^41- a 5*11 q-Ef^^cf. 

<so> [a 5] 



a>8* 


2.b^v] ^ff-CmmoU 


HCKmmol) 


H 2 0(mmol) 


(g) 




JZ.lco)(B) 


51i^(C) 




12.32 


9.17 




j 0.12 


250 


i 6.87 


(b*) 


13.87 


11.62 




0.22 


548 


8.84 


(C) 


10.55 


4.67 




I 0.16 


485 


8.54 


(d*) 


10.55 




4.67 


0.145 


514 


7.89 




10.55 




4.67 


0.145 


857 


8.23 


(D 


10.55 




4.67 


0.131 


514 


8.98 



<81> 



Hliaofl 2 -fr^Cdielectric constant) ^ 
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<82> 



tiling i o)i^ e||^t 35^ ^ « 0 v^ o. s ti|ov-^ M-g-g. 

^*H1 44 ^ -H-^(dielectric constant) ^41- 5. 6^1 44^& 

4. 



<83> [3. 6] 







1 

1 


-fr^-i- | 




T^Kwtft) 


71^^^^-^ (wt%) 1 




(a) 


100 




2.56 


(a) 


70 


30 


2.21 


(b) 


100 




2.76 


(b) 


70 


30 


2.32 


(c) 


100 




2.72 


(c) 


70 


30 


2.34 


(e) 


100 




2.68 


(e) 


70 


30 


2.23 


1 (O 


100 




2.72 


(f) 


70 


30 


2.21 


(g) 


100 




2.79 


(g) 


70 


30 


2.24 


(a*) 


100 




! 2.54 


(a*) 


70 


30 


j 2.22 


(If) 


100 




i 2.81 


(If) 


70 


30 


; 2.32 


(<f ) 


100 




2.85 


(C) 


70 


30 


2.31 


(<T) 


100 




1 2.69 


(d v ) 


70 


30 


2.29 


(e k ) 


100 




2.73 


(e*) 


70 


30 


2.23 


(D 


100 




2.81 


(D 


70 


30 


2.34 



<84> 



<85> 



ofl 3 ^ ^hardness )4 5.1-5^ (modulus) ^ 

alilL^ 1,2 °1H ^€ efl^l^- *J*H 34 ^ « 0 >^o.S. ^4-^*1] ^ 
4#, ^*H1 54 ^ ^(hardness) 4 2-^2-1 ^ (modulus)* ^4* 5. 7 

44^534. 
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<86> [& 7] 



<87> 





^ jn br a ; 




7}] 


^r*l(wt%) 


^1^^^ l-^(wt%) 


(a). 


100 


- 


0.72 


5. 11 


(a) 


70 


30 


0.45 


3. 14 


(b) 


100 


- 


0.75 


5.32 


(b) 


70 


30 


0.41 


3.23 


(c) 


100 


- 


1.23 


5.65 


(c) 


70 


30 


1.02 


3.02 


(e) 


100 


- 


1.42 


6.58 


(e) 


70 


30 


1. 11 


3.63 


(f) 


100 


- 


1.34 


6.89 


(f ) 


70 


30 


0.99 


3 . 89 [ 


(g) 


100 




1.09 


6.52 




70 
/ \J 


ou 


0.77 


3.55 


(a*) 


100 




V, Jl 


A 91 


(a*) 


70 


30 


0.31 


3.84 


(b*) 


100 




0.59 


4.67 




70 


30 


0.34 


3.54 


(c*) 


100 




0.98 


5.44 


(c) 


70 


30 


0.82 


3.54 


(e) 


100 




1.12 


6.12 


(e~) 


70 


30 


0.43 


2.99 


(D 


100 




1.09 


6.23 


(D 


70 


30 


0.68 


3.35 




100 




0.87 


6.18 




70 


30 


0.43 


3.27 
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i] 

*}7] 1 ^ 221 Hlt^* o. 7 ] -g-nfl^H]^ A]- 5£i=. 7 ] ^v]\9\- g-g- o]-g- 

*H 7K^*fl ^ ^ ^-§-^1^ 7l| ^d>^ (Germanium)^: S^rfe -g^M . 



CH2(CH2)mSiXiX2X3 

^7} Ri^r n^€*r, C1-C3 ^:^7l(alkyl group) Htt C6~C152] ^m^Karyl 

groupWal, Xi, X 2 ^ X 3 AA ^^SLsL Cl~C32] 7l , C1~C102] <£*k*}7] (alkoxy 
group), S^r ^S^*}^ , P^ 3-82] ^^jji, m £ o~102] ^e>H Xi, X 2 ^ X 3 

^ ?io]5L 7}^n 7}^ ^-g-7lo]cf. 

W*M 2] 

(R 2 )4- a Ge(X4) a 

#7H<*1H R 2 tt -r^^7>, C1-C3 < y:^7l(alkyl group) SE^r C6~C152] <£l7l(aryl 
group) X 4 tt C1-C321 <^^7l, C1-C102] ^^7] (alkoxy group), ^M^, 
a^r 1~42] ^^o]4. 

[^T 1 * 2] 

*fl 1%H1 , A oM 12] 5.^3*- ^-71 3fr*Hq 22] S.^d]^ 1 : 99 ~ 

99 : 12] «^o] ^ ^giLS tf}^ -S^-M ^1. 



[ *r*H 1] 




p 
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3] 

Xl 1%H1 #7l -g-7}^<>l 3,000 ~ 300,000^ ^^7> 
[^^% 4] 

^7) Xl l^M ^^KtX) 41-71 -§-*lH ^2)3. 7)^ $\o\) 3^*1 ^, 1 ^ 

SM^Itt' ^11- #:£X1 ^^ y o v ^. 

5] 

Xl 4%H1 91°]*}, A oM ^#Xl ^^1 3L*g£ JfTlH tflsfl 1-70 ^% ^JlS. 71^ 

^*Rr ^ ^Kr «l£^l . 
6] 

XI 4*J-ofl 5a°H, ^*Kr Aj-oltitjjAE^ (cyclodextrin), 

l-5l?l-HS.^(polycaprolactone) -R-£X1*1 ^ASr ^^3.3, «K£X1 ' 

7] 

XI 4%H1 Sl^H, ^3^711 ^1^- 71^^^ £fs}^ ^7} ^7) $-7} 

-§"XH « 5~70 ^7} SUE-i=- A>-g-£]^ 7^ ^^SLsL is\±r %Q ^^nVo) ^ 

[^^•^ 8] 

XI 4*<H1 Sa°H, ^7} 1 ^S}- ^£7> 150-600 °C*1 l - 150^- ^ 

# ^-^^ #51X1 *i<3^ ^U^. 
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9] 

[^^*o> 10] 
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